INTRODUCTION
Soil is an important natural resource for agriculture that is the basic economic source of Ethiopia. Declining of soil fertility has been identified as one of the most important constraints to limit food production in Ethiopia (FAO, 2002) . The low soil fertility has been attributed to low inherent soil fertility, loss of nutrients through erosion, acidity, nutrient depletion, lack of soil fertility replenishment, nutrient mining, lack of balanced fertilization (Hurni and Bruno (1990) ; Tesfahunegn et al. (2011) ; and Wondwosen and Sheleme (2011)), improper irrigation practices and intensive mechanized farming (Wakene and Heluf 2003). Moreover, poor irrigation agriculture in arid and semi-arid regions also results in declining of soil fertility through soil salinity/sodicity development.
Productivity of agricultural lands majorly depends upon availability of plant nutrients in the soil and soil moisture status. Hence, the presence of essential plant nutrients both in adequate and available forms in the soil and availability of soil moisture to plants were among the most detrimental factors of crop production and productivity in the agriculture sector. In general, the suitability of soil for crop production depends on its fertility level, which is evaluated based on the soil physico-chemical properties. For this reason, recent interest in evaluating the fertility status of soils has been inspired in Ethiopia (Wakene and Heluf, 2003) .
In the area under study, soil fertility problems relate with inappropriate irrigation practice, removal of crop residues and continuous cultivation. As a result, the status of the soil and irrigation water should be evaluated and known for appropriate land use and water management (Al-Ghobari, 2011). Furthermore, knowledge of the chemical composition and quality of water sources are of particular significance for the proper management and wise utilization of irrigation water. However, limited information is available on the characteristics of soil physico-chemical and irrigation water quality particularly in the study area that could be useful in the management and use of the soils on a sustainable manner. Therefore, this study was aimed to characterize the soil fertility status and irrigation water quality for the Ziway Prison farm.
MATERIALS AND METHODS

Site Description
Ziway Prison farm located at Ziway town in Adami Tullu JidoK ombolcha District of East Shewa Zone in Oromiya Regional state of Ethiopia, which is about 160 km South of Addis Ababa. As the area is in the Great Rift Valley, it is determined/ characterized by a semi-arid and arid climate and, thus, crop production mainly depends on irrigation. Its average annual precipitation is about 700 mm of which 42% falls in the period June to September (OESPO, 2003) . The driest months are November and December. The mean annual temperature is 20 0 C at Ziway and AdamiTullu station (OESPO, 2003) . The altitude of the farm varies from about 1621 to 1650 meter above sea level (masl) having a uniform topography i.e. feature with a gentle slope (3 to 5%).
Figure1. Location Map of Ziway Prison Agricultural Farm in East Shewa Zone, Ethiopia
Soil and Irrigation Water Sampling
Detail observation of the farm land was made during site survey. According to the information obtained from the farm manager, the total area of the farm is about 71 hectares and most part of it has been under continuous cultivation with different crops. Based on topographic gradient, cropping history and using the farm's Block division, the field was divided into different Blocks (Block 1 to Block 13 and Block 17). Then, representative composite surface soil samples from 0-20 cm depth were collected from each Block with an appropriate number of sub samples. In some cases (Block 8, 9 and 10), more than one composite soil samples were collected, considering the perennial crop types existing in the field during sampling time. Accordingly, a total of 11 composite soil samples were collected before the start of main cropping season of 2017. On the other hand, soil sample was not collected from Block 17, as the field was completely covered by maize and vegetable crops and treated with fertilizers. Separate core samples were also taken from each Block for the determination of soil bulk density. In addition, two liters irrigation water sample was collected using labeled and clean polyethylene bottle from the source for the determination of its quality of irrigation water. Geographic positioning system (GPS) coordinates of each sub-sampling spots in a Block were recorded and geo-spatial reference of those points was mapped using Arc Map-10.0 software (Figure 1 ).
Soil and Water Sample Preparation and Laboratory Analysis
The soil samples collected were air dried, crushed and passed through a 2 mm sieve for the analysis of selected soil physico-chemical properties following standard procedure. The water sample was transported immediately and kept in the Ice box to keep the in situ condition of the irrigation water until analysis. But, some sensitive parameters like pH and electrical conductivity were immediately analyzed to prevent biological transformation. All analysis was carried out at the accredited Soil and Plant Analysis Laboratory of Holeta Agricultural Research Center.
Soil particle size distribution was analyzed by the hydrometer method (Bouyoucos, 1962) and textural class names were determined following the textural triangle of USDA system as described by Rowell (1994) . Soil bulk density was determined by the undisturbed core sampling method after drying the soil samples in an oven at 105 o C to constant weights, while particle density was determined by the pycnometer method (Blake, 1965) . Percentage pore space was computed from the values of bulk density (BD) and particle density (PD) (Brady and Weil, 2002) as: Total porosity (%) = (1-BD/PD) x 100
Potentiometric method using a glass-calomel combination electrode was used to measure pH of the soils in water suspension in a 1:2.5 (soil: liquid ratio) (Van Reeuwijk, 1992) . Electrical conductivity (EC) was measured using a conductivity meter from soil to water suspension of 1:2.5. The Walkley and Black (1934) wet digestion method was used to determine soil organic carbon (OC) content. Percent soil organic matter (OM) was obtained by multiplying percent soil OC by a factor of 1.724; following the assumptions that OM is composed of 58% OC. Total N was analyzed using the Kjeldahl method as described by Blake (1965) . Available P was determined using the standard Olsen et al.
(1954) extraction method. As described by Sahlemedhin and Taye (2000), CaCO 3 content was determined using calcimeter method and extractable micronutrients (Fe, Cu, Zn and Mn) were extracted by DTPA and measured by using atomic absorption spectrophotometer (AAS) instrument.
Exchangeable cations (Ca, Mg, K and Na) were determined after extracting the soil samples by 1N ammonium acetate at pH 7.0. The cations in the extract were measured by AAS (Rowell, 1994) . Then, Cation exchange capacity (CEC) was determined from the same soil that was leached with ammonium acetate through distillation and titration of ammonia, after washing down of excess ammonium acetate by ethyl alcohol as described by Sahlemedhin and Taye (2000). Exchangeable sodium percentage (ESP) was computed using the formula: ESP (%) = [exchangeable sodium (Na + )/CEC] × 100.
Irrigation Water Quality Analysis
Irrigation water used by the farm was tested for different quality parameters, such as pH, EC, soluble cations (Ca, Mg, K and Na) following standard procedures (Franson, 1981) . Sodium adsorption ratio (SAR) was calculated from the concentrations of soluble Na, Ca and Mg as suggested by Ayers and Westcot (1994) as follows:
Statistical Analysis
The soil and water analytical data were subjected to descriptive statistics. The results were interpreted as very low, low, medium, high and very high using standard ratings.
RESULTS AND DISCUSSION
Soil Physical Properties
Soil texture
The soils of the farm were loam surface soil texture with mean sand, silt and clay percentages of 45.8, 32.1 and 22.4 %, respectively (Table 1) . A loam soil texture is the most preferred soil for crop production especially in irrigated agriculture to facilitate better infiltration. Moreover, a loam soil texture is an indication of its workability, good drainage and aeration, and maximum root development and microbial activity. Some previous works have also revealed that soil texture determines a number of physical and chemical properties of soils. It affects the infiltration and retention of water, soil aeration, absorption of nutrients, microbial activities, tillage and irrigation practices (Gupta, 2004 ).
Bulk density, particle density and total porosity
The lowest bulk density (BD) (1.08 g cm -3 ) and the highest total porosity (55.6%) were recorded under soils of B5, while samples from B8 planted with onion exhibited the highest BD (1.38 g cm -3 ) and lowest total porosity (43.8%) ( Table 1 ), indicating that soils of B5 has relatively good physical property as compared to soils of the other Blocks. This could be due to limited mechanized tillage practice, as the field has been used for wine production for longer period. The highest BD recorded under soils of B8 planted with onion could be due to compaction of the soil surface where macropores are closed first by the mechanical impact (Zhang et al., 2000) . Motavalli and McConnell (1998) also reported increase in BD due to continuous cultivation with mechanized tillage for several years. In general, porosity and BD values of the farm soils were said to be relatively under an optimum range for agricultural uses (Bohn et al., 2001 ). Normal range of BD and porosity indicates the existence of loose soil condition, not too compacted to limit root penetration, and restrict air and water movement (Bohn et al., 2001 
Soil Chemical Properties
Soil pH and Electrical Conductivity
The pH values of soils in the farm ranged between 8.19 and 8.75, which showed a strongly alkaline condition (Tekalign, 1991). While, the electrical conductivity (EC) ranged from 0.28 to 0.99 dS m -1 which was far below 4 dS m -1 (Table 2 ) and exchangeable sodium percentage (ESP) was also far below 15 ( Table 3 ), indicating that the farm soil was non-saline non-sodic condition. Furthermore, the results of pH, EC and ESP revealed that the farm soil was strongly alkaline, but salinity and sodicity problem at this particular time does not exist. Strong alkalinity of the farm soil could be due to the limited mean annual rainfall (700 mm) that the area receives to leach away base forming cations from the surface soils.
Soil organic matter, total nitrogen and C: N ratio
The values of total N, organic matter (OM) and C: N ratios of the soils in each Block of the farm are presented in Table 2 . Total N content of the soils ranged between 0.109 % in B8 planted with onion and 0.202 % in B1 and B2 ( Table 2 ), indicating that the soils were moderate (0.05-0.12 %) to high (0.12-0.25 %) in total N status (Tekalign, 1991). While the OM content ranged from 1.570 % in soils of B12 to 2.490 % in B1 and B2. According to standards given by Tekalign (1991), the status of OM was low. The low OM content of the farm soils could be due to low amount of organic materials applied to the soil and complete removal of the biomass from the field (Yihenew, 2002). In addition, the practice of the farm in cultivating legume crops as an intercrop and crop rotation system was poor and, thus, contributed to the low status of OM. Therefore, in order to increase the OM and total N contents of the soils, introduction of leguminous species into the cropping system has to be exercised in the farm. The benefits of legume crops have been reported by Singh et al. (2002) , and Nnadi and Haque (1988). Furthermore, as OM is the main supplier of soil N, low OM content of the farm soils would likely to limit the soils productivity and, thus, require N fertilization especially Blocks that had medium total N status (B3, B4, B5, B8 (Onion), B9 and B10 (Papaya), and B11).
The values of C: N ratio ranged from 7.1 to 12.6 ( Table 2 ), indicating that the ratio was under the favorable range (10-15) for cropping lands (Taylor et al., 2010 ) with a good rate decomposition and mineralization of OM. Moreover, immobilization of inorganic N might not be a concern for the farm (Mohammad et al., 2011 . The lowest value was recorded in B9 and B10 planted with mango, whereas the highest was obtained in B11 (Table 2 ). According to Olsen et al. (1954) , available P content of soils between 5-10 and greater than 10 mg kg -1 are said to be medium and high, respectively. Thus, B3, B4, B6, B7, B11, B12, B13 and B8 planted with onion soils had high available P status, whereas soils of the rest Blocks had medium status. Moreover, Musefa et al. (2016), Tekalign and Haque (1991), and Finck and Vendateswarlu (1982) reported that the critical level of Olsen P values to be 8 mg kg -1 for some crops on major agriculturally important soils of Ethiopia. This implying that the farm Blocks such as B8 planted with Banana and B9 and B10 planted with Mango, Avocado and Papaya had available P status less than the critical level (< 8 mg kg -1 ) and, thus, would most likely respond to P fertilization.
Cation exchange capacity
The cation exchange capacity (CEC) ranged from 15.0 meq 100g -1 in soils of B6 and B7 to 29.8 meq 100g -1 in B13 (Table 3 ). According to Landon (1991) , the CEC of B1, B2 and B13 soils falls under the range of high (25 to 40 meq 100g -1 ), whereas the rest Blocks had moderate (15 to 25 meq 100g -1 ) CEC status. The reason for higher CEC of B1, B2 and B13 soils could be due to relatively higher content of OM. In addition, the higher clay content and clay loam texture in B13 also contributed to the higher value of CEC. While medium CEC status in soils of the rest Blocks could be attributed to lower content of clay and OM. Generally, the CEC of soils varies with its texture and OM contents. Thus, sandy soils had lower CEC values than clayey soils because the coarse-textured soils are commonly lower in both clay and humus that are electrically charged (usually negatively) and these attract positively charged ions in the soil solution (Brady and Weil, 2002 (Table 3 ). According to standard given by FAO (2006a), the status of exchangeable Ca and Mg were categorized as high, indicating the presence of sufficient Ca and Mg in the soils of the farm. Moreover, in Ethiopian soils, exchangeable Ca and Mg cations dominate the exchange sites of most soils and excessive or deficient amounts are uncommon (Mesfin, 1998). Exchangeable K status of the farm soils were above 1.2 meq 100g -1 and rated as high (Landon, 1991) . As a result a response to K fertilizer is unlikely. On the other hand, exchangeable Na was categorized as medium to high (FAO, 2006a), but the exchangeable sodium percentage (ESP) varied from 2.3 to 5.3 % ( Table 3 ), indicating that serious Na toxicity problem on crops and/or adverse effect on soil physical properties are unlikely to occur, as the values of ESP were under the acceptable level (ESP < 10) for plant growth (Silva and Uchida, 2000) . However, care should be taken not to increase the exchangeable Na level due to inappropriate irrigation practice. When Na is found in appreciable amounts, it alters the soil physical and chemical properties mainly by inducing swelling and dispersion of clay and organic particles, resulting in restricting water permeability and air movement, formation of crust and decrease solubility and availability of Ca and Mg ions (Brady and Weil, 2002) .
In general, magnitude of cations in the farm soils was in the order of Ca>Mg>K> Na which indicates that the farm soils were inherently highly productive, as the exchange complex was dominated by Ca and Mg as compared to k and Na (FAO, 1979) . Moreover, the presence of high amounts of Ca as compared to Mg, K and Na could be due the nature of parent material, high evapotranspiration and practicing of irrigation that would leave high amounts of Ca in the surface soil. Such situations often cause the total exchangeable cations to exceed the CEC of soils.
Calcium carbonate (CaCO 3 )
The farm soils CaCO 3 ranged from 0.21 to 5.27 % ( Table 3 ). The result revealed that the amount of CaCO 3 was not in a problematic amount and hard pan formation due to CaCO 3 accumulation at lower depth was not expected (FAO, 2006 ) and Cu (0.14 to 0.43 mg kg -1 ) were at low and marginal status, respectively (Table 4 ). In line with this, the critical level of DTPA extractable Cu (Sims and Johnson, 1991) and the deficiency level of Zn (Jones, 2003) in soils are 0.1 to 2.5 mg kg -1 and 0.5 to 1.0 mg kg -1 , respectively. Therefore, extractable Cu status was within the critical limit for crop production, whereas all farm Blocks soils were deficient in Zn (far below 0.5 mg kg -1 ) for most of the crop plants. Thus, recommended rate of Zn fertilizer or any management practice that could boost the farm soil Zn status should be exercised for optimum crop production. 
Irrigation Water Quality
As shown in Table 5 , it was observed that the irrigation water qualify for normal pH range as the pH value was under the range of 6.5 to 8.4 (Ayers and Westcot, 1994) . In line with this, EC of the water was below 0.75 dS m -1 , indicating that the water was free from salinity hazard . However, the irrigation water contains high sodium (2.48 meq L ) contents, indicating soil sodicity problem might be a potential (Ayers and Westcot, 1994 ) that could causes swelling and dispersion of soil clays and result to obstruction of infiltration. Accroding to Ayers and Westcot (1994) guideline for assessment of Na hazard of irrigation water based on SAR (assesses the potential for water infiltration problem due to a Na imbalance in irrigation water) and EC (at the same Na content, the swelling potential of low salinity (EC) water is greater than high EC water), the irrigation water used by the farm could not be a potential for water infiltration problem as its EC (0.2 to 0.7 dS m -1 ) and SAR (0 to 3) values were under normal range for irrigation purpose. Furthermore, reduced infiltration from application of water with high Na content might not be serious problem for the farm due to its loam soil texture with mean clay fraction below 30% . Hence, irrigation water used by the farm qualified or classified as 'safe' for irrigation purpose with close monitoring of the Na level to prevent the occurrence of sodicity in the farm due to inappropriate use of irrigation water. In general, the quality of irrigation water needs to be determined periodically through laboratory analysis in order to maintain a safe salt balance in the soil (Brady and Weil, 2002) and to manage safe irrigation practices. ) and ESP (2.3 to 5.3 %) revealed that the farm soil was non-saline non-sodic strongly alkaline condition.Total N contents of the farm soils (0.109 to 0.202 %) were at moderate to high status, whereas OM contents (1.570 to 2.490 %) were at low status. The contents of available P (4.6 to 16.9 mg kg -1 ) and CEC (15.0 to 29.8 meq 100g -1 ) were in the range of medium to high. Exchangeable Ca, Mg, K and, extractable Fe and Mn values were at high status. Whereas, extractable Cu and Zn contents of the farm soils were at marginal and low status, respectively. Moreover, the results of irrigation water pH ( 7.67) was at normal status and EC was below 0.75 dS m -1 , indicating that irrigation water used for the farm qualified as 'safe' for irrigation purpose.
CONCLUSION
RECOMMENDATIONS
The major soil fertility constraints observed by all farm Blocks include low in OM and Zn. While, some farm Blocks had medium status in total N, available P, CEC and extractable Cu. The results suggest that the need for OM amendment and application of Zn fertilizer. For an optimum crop production, use of P and N fertilizers is also recommended for the farm Blocks that had medium total N status and available P status less than the critical level (< 8 mg kg -1 ). Moreover, to increase the OM and total N contents of the soils, legume crops should be cultivated frequently by either intercropping or in rotation system. The irrigation water used by the farm contains high Na content and, thus, soil sodicity problem might be a potential in the long run. Thus, to prevent the occurrence of sodicity and sustain productivity of the soil, the Na imbalance in irrigation water should be periodically monitored and appropriate irrigation method need to be used by the farm.
